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Abstract

We report a patient diagnosed with PGM1-CDG at 11 years of age after two

biallelic likely pathogenic variants in PGM1 were found on research geno-

mic sequencing. To our knowledge, he is the first patient with PGM1-CDG

to be reported with a restrictive cardiomyopathy. Other clinical manifesta-

tions included cleft palate, asymptomatic elevated transaminases, intellec-

tual disability and myopathy resulting in exercise intolerance. He

was trialed on oral galactose therapy in increasing doses for 18 weeks to

assess if there was any biochemical and clinical benefit. His galactose was

continued for a further 9 months beyond the initial galactose treatment

period due to improvements in exercise tolerance and myopathy. Treat-

ment with galactose demonstrated an improvement in liver function and

myopathy with improved exercise tolerance. Treatment with galactose for

15 months did not change heart function and exercise stress test results

were stable.
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1 | INTRODUCTION

Congenital disorders of glycosylation (CDG) are a group
of genetic metabolic conditions that alter protein glyco-
sylation.1 Phosphoglucomutase deficiency (PGM1-CDG)
has important roles in glycogenolysis and
glyconeogenesis as it catalyzes the bidirectional conver-
sion of glucose 1-phosphate and glucose 6-phophate.1-3 In
addition to the maintenance of glucose homeostasis,
PGM1-CDG has a role in protein N-linked glycosylation,
which is very important in post-translational modifica-
tion.4 The defects in glycosylation affect transport pro-
teins, coagulation factors and organ system

development.4,5 Previously reported features of
PGM1-CDG included hepatopathy, hypoglycemia, con-
genital craniofacial malformations, myopathy,
coagulopathy, endocrine deficiencies, dilated cardiomy-
opathy, strabismus, seizures and intellectual disability.6

Oral D-galactose supplementation has been trialed in
patients with PGM1 deficiency, which demonstrated ben-
eficial effects in glycosylation with both transferrin iso-
electric focusing and in vitro studies examining
fibroblasts.2,7 Other reported benefits from this trial
included normalization or improvement of abnormal
coagulation and liver function abnormalities.7 It has also
been demonstrated that D-galactose supplementation is
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safe when given orally in doses of 1.5 g/kg/day up to a
maximum dose of 50 g daily.7

2 | CASE REPORT

Our patient is the second child of three children born to
non-consanguineous Caucasian parents. During preg-
nancy, an increased nuchal translucency was detected of
greater than 6 mm and short long bones were identified
on a first trimester ultrasound performed at 13 weeks of
gestation. He was born at 36 weeks of gestation via nor-
mal vaginal delivery, with birth weight 3 kg (17.76th
centile, Z = −0.92), length 46 cm (6.86th centile,
Z = −1.49) and head circumference 33.6 cm (14.33th
centile, Z = −1.07). There is a family history of learning
difficulties affecting his parents, brother and extended
family members.

He was diagnosed with a midline cleft palate postna-
tally and required readmission due to feeding difficulties.
Distinctive features were noted including a round face,
depressed nasal bridge, simple morphology to the ears
and thin eyebrows, features which were shared by his
mother. His midface was noted to be relatively hypoplas-
tic compared to his family members. He had bilateral sin-
gle palmar creases and short fifth fingers. Further
investigations at the time revealed an atrial septal defect
measuring 8 mm. A skeletal survey at 1 month of age
showed mild epiphyseal delay and slight rounding of ver-
tebral bodies.

There were growth concerns in the first 12 months
of life and a gastrostomy was inserted at 14 months of
age because of failure to thrive. This was removed at
18 months following palate repair and an improvement
in growth. His weight crossed centiles and regained to
the 5th centile, however his length remained on the 1st
centile until 10 years of age when his growth velocity
improved. At 12 years of age, he reached the 17th
centile for height and weight increased to the 60th
centile.

A restrictive cardiomyopathy was diagnosed at
5 years of age after previous earlier follow-up echocar-
diograms demonstrated no cardiomyopathy. Serial
echocardiography demonstrated normal left and right
ventricular function in the context of a dilated left
atrium. Cardiac magnetic resonance imaging (MRI)
was performed at age 11 years demonstrating no peri-
cardial involvement. His echocardiogram demon-
strated a mild reduction in systolic function after the
age of 11 years and he developed features of a com-
bined restrictive and dilated cardiomyopathy (DCM)
with predominance of restrictive form in the next

6 months. The evolution of the echocardiogram find-
ings is summarized in Table 1.

Brain MRI at age 10 years was normal. Our patient
had a normal banded karyotype and FISH testing for
22q11.21 in the neonatal period. Microarray showed a
maternally inherited 0.2 Mb duplication of chromosome
5q35.5 that was novel. The duplication contained PROP1,
in which biallelic mutations have been associated with
hypopituitarism, and three other genes whose function is
unknown. The significance of this duplication is
unknown. A cardiomyopathy gene panel encompassing
63 cardiomyopathy genes did not identify any pathogenic
variants.

Further research genomic testing by a custom-
designed Agilent SureSelect craniofacial panel
comprising 79 genes as described previously by Tan
et al8 at age 11 years identified a previously reported
variant in the PGM1 gene, c.1042 G>C, p.(Gly348Arg)
and a novel variant c. 1051 C>T, p.(Arg351Trp).
Visual inspection of sequencing reads on IGV con-
firmed that the variants were in trans. Both variants
are present in heterozygous state in low frequencies
in the gnomAD population database, and have not
been reported in affected individuals. Both variants
affected residues located within the PGM_PMM_III
functional domain of the PGM1 protein and both
amino acid residues are highly conserved. In silico
software predictions that the variants were both
disease causing. Using the American College of
Medical Genetics for assessing pathogenicity described
by Richards et al9 both variants were classified as
likely pathogenic. Serum transferrin isoforms per-
formed at the age of 11 years old were abnormal
with elevated disialotransferrin and decreased
tetrasialotransferrin.

The patient was started on D-galactose age 12 years
with increasing dosage as per Table 1. The galactose
supplementation was continued beyond week 18 for a
period of 9 months. One examiner (SD) performed clin-
ical examination and scoring according to the Tulane
PGM1-CDG Rating Scale (TPCRS) that was previously
used by Wong et al6 to define phenotype and severity.
Clinical evaluation, laboratory studies and assessments
were followed as per Table 1.

Synopsis

Presentation with a restrictive cardiomyo-
pathy may be a clinical feature of
PGM1-CDG.
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3 | RESULTS

Galactose supplementation was well tolerated with no
reportable adverse events. Serial measures with the
TPCRS demonstrated an improvement in the score. This
was mainly due to improvement in myopathy and hear-
ing where he no longer required hearing aids due to
improvements on serial audiology assessments. During
the period of galactose supplementation, our patient
reported improved exercise tolerance, a reduction in mus-
cle pain and improved quality of life as he was now able
to run and participate in low impact sporting activities
and walking. His muscle strength also significantly
improved on clinical assessment. Creatine kinase
(CK) levels fluctuated through the study and did not cor-
relate to clinical symptoms (Table 2).

The distance walked on the 6-minute walk test
(6MWT) was improved by 20% with consistent galactose
supplementation. Three months following the initial
18-week period of treatment, our patient was not always
compliant with treatment and despite walking less dis-
tance on the 6MWT, he did not have any recurrence of
myopathy or myalgia. Serial echocardiogram was stable
throughout the study. Exercise treadmill testing demon-
strated a small improvement.

Biochemical parameters such as full blood count,
renal function, thyroid function and copper and

caeruloplasmin remained stable. The liver function
demonstrated an improvement in transaminases
and abdominal ultrasound demonstrated mild hepato-
megaly on imaging at baseline and 18 weeks of treat-
ment. On treatment, our patient demonstrated
emergence of mild abnormalities on his coagulation,
but these did not manifest as clinical events.
The serum transferrin isoforms initially normalized
on treatment with oral galactose, with the
tetrasialotranferrin normalizing during the first
6 weeks of treatment and the disialotransferrin nor-
malizing in the first 12 weeks of treatment. When
galactose therapy was not maintained at the 3 months
maintenance dose of galactose the transferrin
isoforms demonstrated a type 1 CDG pattern with an
increase in disialotransferrin and a decreased
tetrasialotransferrin level.

4 | DISCUSSION

We report the effects of oral galactose supplementation
in a 12-year-old patient with genetically confirmed PGM1
deficiency who was diagnosed at the age of 11 years by
research genomic sequencing with abnormal serum
transferrin isoelectric focussing confirming a type 1 CDG
pattern.

TABLE 1 Evolution of initial echocardiogram findings in patient with PGM1-CDG

Age
Echocardiogram 3.5 years 5.5 years 6 years 8 years 10 years

LVEDd (cm) 3.4 4.0 4.5 4.6 4.7

Normal range 2.3 to 3.4 2.9 to 3.9 2.9 to 4.0 3.1 to 4.2 3.4 to 4.7

Z-score 1.9 2.7 3.8 3.5 2.0

Fractional shortening (%) 32.2 33.6 31.1 26.7 33.8

EF (%) 61.6 65.2 59 51.3 54.1

Septal thickness (cm) 0.49 0.56 0.40 0.7 0.67

Normal range 0.25 to 0.67 0.33 to 0.7 0.26 to 0.79 0.35 to 0.75 0.35 to 0.79

Z-score 0.28 0.51 −0.93 1.5 0.33

Atrial dilation Normal size Normal RA size Mild RA dilation Normal RA size

Severe LA dilation Severe LA dilation Severe LA dilatation
with septal
bowing

Severe LA dilatation with
rightward septal bowing

RUV A wave reversal
velocity (cm/s)

— 78.2 cm/s — — 66

MV E/A ratio 3.0 1.5 - 2.2

Tissue Doppler velocities Normal Normal Normal Normal Normal

Abbreviations: EF, ejection fraction; LA, left atrium; LVEDd, left ventricular end diastolic dimension; RA, right atrium; RUPV, right upper
pulmonary vein.
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Our patient was treated with oral galactose supple-
mentation for 15 months without reporting any signifi-
cant side-effects. This safety information is consistent
with other case studies and cohorts of patients who have
been treated with oral D-galactose supplementation.7,10

Our patient had an improvement in his exercise toler-
ance and muscle pain on galactose therapy. This demon-
strates a similar benefit to other patients where their
functional data has been measured on galactose supple-
mentation.10 Despite fluctuation in the CK levels, the
patient remained asymptomatic without any reported
myalgia, which is similar to what has been reported in pre-
vious studies.7,10 Our patient is the first reported patient to
present with an initial restrictive cardiomyopathy evolving
subsequently into a combined restrictive and dilated car-
diomyopathy. He had received serial echocardiograms
from infancy to monitor closure of his atrial septal defect
that did not demonstrate any features of cardiomyopathy
prior to the first echocardiogram demonstrating a restric-
tive cardiomyopathy when he was 5 years old. DCM is the
most common type of cardiac anomaly in PGM1, detected
in 12 out of the 57 patients reported up till now with
PGM1-CDG.4,5,7,10-14 The finding of the initial restrictive
cardiomyopathy in our patient may demonstrate that there
is a broader cardiac phenotype in patients with
PGM1-CDG. Our patient described that prior to galactose
supplementation his exercise tolerance had been limited
by myalgia, but following the supplementation it was lim-
ited by dyspnea. Galactose did not demonstrably improve
the echocardiogram or ECG results in our patient. The
improvement on the serial audiology screening cannot be
easily explained and may be due to less episodes of otitis
media during warmer weather.

Intellectual disability has been reported in other
patients with PGM1-CDG.11,15,16 Our patient was diag-
nosed with a mild intellectual disability, but as other
family members have been diagnosed with an intellec-
tual disability this may be multifactorial. The signifi-
cance of the novel chromosome duplication is also
unclear. Similarly, the dysmorphic features in our
patient may be familial, as he shared a close resem-
blance to his mother. We consider it most likely that
our patient's dysmorphic features and learning difficul-
ties are familial traits, while his cleft palate, midface
hypoplasia, atrial septal defect and cardiomyopathy are
due to his PGM1-CDG.

Our patient demonstrated normal levels of TSH, IGF1
and IGFB3 at the outset of the study and these remained
essentially normal with treatment, meaning that we were
unable to demonstrate the same improvements in glyco-
sylation as seen in in previous patients on galactose sup-
plementation.7 He also demonstrated improvements in
his liver function, which is similar to other patients thatT
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have been previously reported.7 In contrast to some of
the previously reported patients, our patient started with
normal coagulation parameters (international normalised
ratio [INR], activated partial thromboplastin time
[APTT], fibrinogen and prothrombin time) and demon-
strated mild derangement on longer term galactose sup-
plementation.7 His baseline factor XI was low and the
improvement of his levels was not always maintained
even when he was compliant with supplementation.
These coagulation abnormalities did not manifest in sig-
nificant bleeding events, but this demonstrates that glyco-
sylated proteins should be monitored and potentially still
requires treatment in patients who remain on long-term
galactose supplementation. The difficulty in maintaining
long-term correction of glycosylation has previously been
reported and it may reflect that higher doses of galactose
may be required for longer term correction.12

5 | CONCLUSION

Although dilated cardiomyopathy is well reported in
PGM1-CDG, we have reported the first case of a restric-
tive cardiomyopathy evolving into a combined restric-
tive and dilated cardiomyopathy. Treatment with
galactose in PGM1-CDG improves liver function,
myopathy and exercise tolerance. Transferrin isoforms
can normalize on supplementation with oral galactose.
Galactose seems to be reasonably well tolerated; how-
ever, normal glycosylation may not necessarily be
achieved on smaller doses of galactose and this means
that glycosylated proteins may still require monitoring
and treatment.
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